In order to investigate the optimal fat content for total parenteral nutrition (TPN) solutions, male Wistar rats were subjected to 70% hepatectomy and then placed, for five days, on one of five TPN regimens in which fat represented 0%, 10%, 20%, 30% and 40%, respectively, of the total calorie content. As serum triglyceride levels in the fat-treated groups were lower than those in the non-treated normal rats, it was concluded that the administered fat was sufficiently hydro lyzed. The greater the fat content, the higher the regeneration rate of the remnant liver. Significant differences were found between the 0%-fat group and 20%-plus fat groups. Hepatic triglyceride level was signifi cantly lower in the 20%-fat group. Hepatic protein level was significantly elevated in all fat-treated groups. Serum phospholipids and total choles terol due to the lecithin contained in fat emulsion were significantly elevated in the 30 and 40%-fat groups, indicating that fat content of 30 and 40% was excessive. The results suggest that TPN containing fat is superior to fat-free TPN for liver regeneration after partial hepatectomy, and that optimal fat content is estimated to be about 20% of total calorie content in the case of this fat emulsion.
has not yet been investigated in detail.
The authors previously reported that the optimum fat content of TPN was 20% in laparotomized diabetic rats and in laparotomized aging rats (5, 6) . While the need for fat administration after liver injury or hepatectomy is still under debate, recent reports have suggested that fat emulsion is metabolized and utilized even in patients with liver disease (7) , and that fat emulsion is beneficial after hepatectomy (8, 9) . However, few of these reports have investigated, in detail, the question of optimal fat content.
This study evaluated the usefulness of fat administration and the optimal fat content of TPN in partially hepatectomized rats.
METHODS

Animals.
Seven 
RESULTS
Body weight change Body weights remained roughly unchanged during the post-operative admin istration period, and no significant difference was noted between experimental groups.
Organ and tissue weight
Results are shown in Table 2 . Both the absolute weight of the liver and its weight relative to body weight were found to be dependent on the fat content of the TPN solution, with a significant difference occurring between the 20%-plus fat groups and the 0%-fat group. No change in spleen weight was observed in any of the five groups.
Biochemical serum analysis
Results are shown in Fig. 1 and Table 3 . A significant difference in the level of triglycerides in the serum was found between the 10 and 20%-fat groups on one hand and the 0%-fat group on the other. The free fatty acid level in the 0%-fat group was significantly lower than that in the fat-treated groups. Phospholipid levels were found to increase with fat content and were particularly high in the 30 and 40%-fat groups, which showed a significant difference relative to the 0 , 10 and 20%-fat groups. Total cholesterol levels followed a pattern similar to that for phospholipids.
Ketone body and glucose levels also increased significantly with fat Regeneration rate of liver Results are shown in Fig. 2 . The regeneration rate increased with fat content, with significant differences found between the 0%-fat group and the 20%-plus fat groups.
Liver analysis
Results are shown in Table 4 . The hepatic triglyceride level was high in the 0%-fat group and low in the 10 and 20%-fat groups, with a significant difference between the 20%-fat group and the 0%-fat group. However, triglyceride levels in the 30 and 40%-fat groups were also significantly higher than that in the 20%-fat group. The hepatic phospholipid level increased in line with fat content, with significant elevations found in the 20, 30 and 40%-fat groups relative to the 0%-fat group, and in the 40%-fat group relative to the 10 and 20%-fat groups. Total cholesterol levels showed the same pattern as triglyceride levels.
Hepatic glycogen level was found to be lower in the 40%-fat group than in the other groups. Hepatic protein level was significantly lower in the 0%-fat group than in the other groups, which showed no individual differences. The moisture level in the 20%-fat group was higher than that in the 0 and 30%-fat groups. 
Urine analysis
The results of a cumulative nitrogen balance analysis are shown in Fig. 3 . There were no significant differences between any of the groups. The 3-methyl histidine/creatinine ratio increased temporarily during the early part of the infusion period, but with no significant difference between experimental groups. No differ ence in electrolyte balance was observed between any of the groups. 
DISCUSSION
In-house data recorded in fed non-treated normal rats were used for reference as necessary.
The appropriateness of fat administration in cases of liver damage or hepatec tomy has not yet been established. Although there have been reports that, in hepatectomy, the energy charge of the remnant liver decreases in the immediate postoperative period, and that the liver switches to the utilization of free fatty acids during this phase (15) , as well as reports that fat emulsion administration encour ages liver regeneration (8, 9) , few of these reports have investigated, in detail, the optimal fat content of TPN solution.
This study attempted to establish the usefulness of fat administration and the optimal fat content of TPN solution during a 5-day hepatic regeneration period in rats partially hepatectomized according to the method of Higgins and Anderson (11) .
Since the total calorie content of the various TPN solutions was the same, body weight was largely maintained in all groups and no differences were noted between them. Regarding the liver regeneration rate, it increased with the increasing fat content of the TPN solution, and was significantly higher in the 20%-plus fat groups than in the 0%-fat group, as was liver weight. Liver regeneration after partial hepatectomy is reported to be much faster in rats than in dogs or humans, with examples reported, even after 70% hepatectomy, of recovery to original weight in 7 days (12, 16) the yolk lecithin contained in the fat emulsion. The liver protein content was significantly higher in the fat-treated groups than in the non-fat-treated group, in which it was even lower than the 190mg/g recorded for normal untreated rats. Electrolyte levels were similar in all groups, as was electrolyte balance with the exception of inorganic phosphorus balance, which showed a correlation with fat content. This was thought to be because of an increase in serum level and urinary excretion of inorganic phosphorus generated by the phospholipid used as an emulsifier in the lipid emulsion. A further reason was thought to be that, since inorganic phosphorus passes into cells together with glucose (28), it is excreted at a higher rate under the administration of solutions high in fat and thus low in glucose. No differences between the groups were found in 3-methylhistidine/ creatinine ratio or nitrogen balance.
The results suggest that TPN containing fat is superior to fat-free TPN for liver regeneration after partial hepatectomy. A fat content of 30% or above appeared excessive in the elevation of serum phospholipids, total cholesterol and hepatic triglyceride. Optimal fat content was estimated to be about 20% of total calorie content in the case of this fat emulsion. 
